threshold maintained for dynamically updating population size, crossover and mutation probabilities restricts the unwanted attributes and retains only optimal features in the population. BAGEL supports this process by efficient imputation of missing values. The proposed algorithm is implemented on real datasets. The results show that the classification accuracy obtained on the processed datasets is better than other existing algorithms. DGAFS-MI can thus reduce the burden of clinicians and help them in efficient analysis of microarray datasets.
PARTICULATE matter (PM) is a leading concern for public working and residing along the roadside with respect to health problems such as acute and chronic respiratory symptoms and cardiopulmonary sickness [1] [2] [3] [4] . Health problems are also related to size and composition of trafficrelated PM with toxicological evidence 5 . Huge amounts of PM are generated in and around surface mining areas due to operational use of high-capacity machines [6] [7] [8] . The increasing use of motor vehicles in urban areas is also a major source of generation of PM emission 9, 10 . Finer particles in diameter between 0.1 and 1 m can stay in the atmosphere for days or weeks, and thus are subject to long-range transboundary transport in the air 11 . Earlier studies also showed the impact of PM generated from coal mining on human health, such as lung and kidney diseases, and asthma due to the presence of high concentration of PM and associated pollutants such as heavy metals 12, 13 . Several researchers reported that concentration of PM along the roadside due to various activities (automobiles, industries, mines and domestic fuel combustion) is more than the permissible limit provided by the World Health Organization (WHO) and Indian National Ambient Air Quality Standards (NAAQS), which has affected the environment and human health in India [14] [15] [16] [17] [18] [19] [20] [21] . Particle size is a significant feature characterizing the properties and behaviour of aerosols. The majority of aerosols have a broad sizes range and their properties depend on variation in particle size. Particles of size range from 0.001 to 100 m generally remain suspended in the air. Particles small enough may be inhaled through the nose or mouth or both, under average conditions. Suspended particles are commonly classified as follows: less than 4 m in diameter (alveolic fraction); between 4 and 10 m diameter (thoracic fraction); greater than 10 m diameter (inhalable fraction). The upper limit for inhalable particles is not defined. Sometimes PM 10 can be considered as thoracic fraction for interpretation of result, however it includes both alveolic and thoracic. The respirable particles can reach the alveolar region of the respiratory system; however, about 50% of the particles (4.0 m) is transmitted through the alveoli. Studies have shown that PM deposits in the respiratory tract depend on the aerosol particle size (e.g. the aerodynamic diameter size distribution), duration of exposure, efficiency of the exposure system delivery, ventilation rate of the subject, the species and strain, and other factors 22 . India is the fastest growing and the second heavily populated country in the world, with an estimated population of 1.2 billion 23 . It is facing severe problem of environmental degradation in terms of air pollution in the cities. Dhanbad is also facing the problem of air pollution due to rapid increase in motor vehicles (Jharkhand Transport Department, India), large population (32, 988, 134 ; Census of India, 2011) and major coal mining field. Problems of air pollution and generation of dust are more critical in the cities like Dhanbad due to narrow width and poor surface quality of roads. Jharia coalfield (JCF) in Dhanbad has been classified as a non-attainment area 24 , because it exceeds NAAQS and air pollution levels in the roadside areas are increasing at an alarming rate 8, 25, 26 . Gautam et al. 20 reported higher variation of PM in terms of size range 10-20 m (inhalable), 4-10 m (thoracic) and <4 m (alveolic) in various places of three Indian opencast mines. The results show a greater fraction of inhalable PM compared to thoracic and alveoli PM. Here we study the profile of particles of various size range in ambient air along the roadside of JCF 20 . PM samples were collected with the help of a portable GRIMM (model 1.109) aerosol spectrometer. We assessed the concentration of respirable particulates and particulate concentration with respect to occupational health, specifically inhalable, thoracic and alveoli fractions generated due to different mining activities and the movement of various types of vehicles along the roads in two different areas (mining and non-mining).
Monitoring locations were chosen to represent 'mining' (JCF) and 'non-mining' (Dhanbad city) areas to monitor of air quality along the roadside at Dhanbad. (Figure 1 ). One more location was selected to represent the non-mining area in Dhanbad city at the main gate of the Indian School of Mines (ISM), Dhanbad, along the sides of NH-32. The non-mining area was selected for comparing air quality; it is located at about 7 km northeast of JCF, covering a road network of about 25 km. These locations were selected keeping in mind the various industrial/mining and commercial activities along with vehicular load and human population in them. Table 1 provides the details of monitoring locations and their respective GPS coordinates.
PM concentration was monitored during [14] [15] [16] [17] [18] [19] [20] November 2014 (working days) at hourly frequency. Samples were collected during peak hours of traffic between 9.00 and 11.00 a.m. as well as 4.00 and 6.00 p.m. Occupational PM parameters designated as inhalable (PM inhalable ), thoracic (PM thoracic ) and alveoli (PM alveoli ) for particle size range 10-34, 4-10 and <4 m respectively, were monitored using a portable GRIMM (model 1.109) aerosol spectrometer (GRIMM Aerosol, Technik GmbH & Co. KG, Germany; sensitivity: <1 ng m -3 (aerosoldependent); reproducibility: 3%; accuracy: 0.1 mg/m 3 ). The sizes of the inhalable, thoracic and alveolic particles were chosen according to the literature 20, 28 . The instrument was placed at a distance up to 20 m from the centre of the road; the sampling inlet was placed at 1.2 m from the ground level and data were recorded at 1 min intervals. The instrument can directly record particle concentration and particle number count over a wide size range from 0.25 to 34 m in 31 size channels and also in terms of inhalable, thoracic and alveoli fractions as well as simultaneously PM 10 , PM 2.5 and PM 1 , which gives a direct reading of PM concentration 29 . The instrument can also measure PM concentration with inlet flow rate of 1.2 litre min -1 in time intervals ranging from 6 sec to 60 min. Air enters the instrument via the sample inlet. Particles in the air sample are detected by light scattering inside the measuring cell. The scattering light pulse of each particle is counted and intensity of its scattering light signal classified to a certain particle size.
The main advantage of this instrument is direct reading of particulate concentration. Other advantages are that it is easy to operate, requires low maintenance, and has the ability to run for long periods without specific supervision over other real-time measurement instruments. The GRIMM spectrometer has been widely used to measure particle concentration in real time on hourly basis in the size range 0.23-20 m at half hourly intervals 21, [30] [31] [32] . The traffic flow count was made manually on an hourly basis during the monitoring period at each selected location. The vehicles were categorized into six groups, such as two-wheelers (2W), three-wheelers (3W), fourwheelers (4W), bus, carriers and heavy truck/Hyva truck (HT). Traffic growth from 2003-04 to 2013-14 was obtained from the Jharkhand Transport Department. The meteorological parameters, for example, temperature (C), rainfall (mm), humidity (%), pressure (millibar), wind speed (m s -1 ), and wind direction (degree) were collected from the weather monitoring station installed at the Department of Environmental Science and Engineering (ESE), ISM, Dhanbad during the monitoring period for correlation. Statistical parameters were calculated for each particle for various locations. Figure 2 shows the variation in the concentration of inhalable, thoracic and alveolic particles with respect to traffic volume count (TVC). Concentration of inhalable, thoracic and alveolic particles was observed to be about three times higher compared to ISM, mainly at BMO, GDR and KMO. Concentration of inhalable, thoracic and alveolic particles at BMO, GDR and KMO was respectively 2.5, 2.3 and 2.2 times higher than ISM. The coarse and fine particles were formed due to mining activities, heavy traffic and resuspension of road dusts near coal mining areas 21, 33 . Hence the proportion of such particles was high in these regions. Figure 2 indicates the variation in the particle concentration with respect to TVC, except for GDR. This may due to the presence of the nearby mining area and more number of Hyva trucks. These trucks are used for transportation of coal in the mining areas. Similar studies have been made by a number of researchers 17, 34 . The concentration of inhalable, thoracic and alveoli particles was higher at BMO, GDR, KDH and KMO in the mining area, which can affect human health, like eye, nose and throat irritation, coughing or wheezing, cardiopulmonary disease and headache 2, 4, 34 . Figure 3 a-c shows the variation of traffic, composition and growth in the number of motor vehicles in Dhanbad respectively. Traffic was monitored to strengthen the available background information on the type of vehicles generally found and the associated traffic flow patterns in the selected locations during the monitoring period. Figure 3 a shows hourly average traffic flow at all locations. Average traffic flow was maximum at BMO and followed by KDH, KMO and DHR. Figure 3 b shows a larger number of Hyva trucks at BMO, GDR, and KMO, which is the leading cause of particulate pollution in these locations. The number of two-wheelers and three wheelers was more than 50% of total traffic in all the monitoring locations. The composition of aerosols and particles depends on their source. According to the Jharkhand Transport Department, the number of vehicles on the road showed an increasing trend with time mainly during 2003-04 to 2006-07. Figure 3 c shows the growth of various types of registered vehicles in Dhanabd district over the last 12 years. Higher growth rate of vehicles and movement of old, larger vehicles (more than 10 years) are the major causes of air pollution in the study area along the roadsides as well as the surroundings.
Average mass concentration of inhalable, thoracic and alveoli particles was analysed statistically, from open cast coal mining as well as vehicular pollutants in mining and non-mining areas ( 58.50 g m -3 and 0.20). The value of kurtosis is less than 3, indicating that the curve is platykurtic in nature except at GDR, KDH and KUS, where it is leptokuortic. The distribution of curves is positively skewed, except at BMO. A similar study was made recently on the exposure to inhalable, thoracic and alveolic particles with respect to various modes of transportation in Delhi 35 . Gautam et al. 20 reported higher variation in concentration of inhalable, thoracic and alveoli particles at various places of three Indian opencast mines. Table 3 presents the correlation between thoracic versus inhalable, alveolic versus inhalable, and alveolic versus thoracic particles. Correlation of thoracic and inhalable was significant at all locations while alveolic and thoracic was significant at all locations except MCP. Correlation of alveolic and inhalable was maximum at BMO and KMO in comparison to other locations. This may be due to generation of more inhalable particles in comparison to alveolic particles from road traffic. The inhalable, thoracic and alveolic particle concentration was typically higher at BMO, GDR and KMO, with better coefficient of fitness due to high traffic and mining activities.
Meteorology plays a significant role for distribution of pollutant in ambient air [36] [37] [38] . Hourly average meteorological parameters such as temperature, humidity, wind speed, atmospheric pressure, dew point and solar radiation were observed to be 23.4C, 52.4%, 2.2 m s -1 , 981.8 millibar, 11.7C and 163.9 Wm -2 respectively, throughout the monitoring period (Table 4) . No rainfall was recorded during the monitoring period. Fractions of wind speed were found in the range 0.5-2.1 m s -1 , which is more than 50% during monitoring. This was significantly slower and less than 3 m s -1 . The atmospheric condition was stable during the monitoring period. Figure 4 shows the variation of inhalable, thoracic and alveolic particle mass composition at different monitoring locations. Contribution of mass in various size fractions of inhalable particles was separated by size (PM inhalable-thoracic , PM thoracic-alveolic and PM alveolic ). The study showed that the dominant composition of PM alveolic particles was between 32% and 52% at all locations, except non-mining area, whereas PM thoracic-alveolic particles was between 26% and 35% at all locations. Burning of coal and coal transportation through the road are a main source of alveolic particles. Mining plays a main role in the generation of alveolic particles, mainly at KUS, KMO, BCO and DHR. The proportion of alveolic particles was observed to be higher in the study area. These particles of dust can deeply penetrate into the unciliated airways of the lung (the alveolar region) and be absorbed directly into the pulmonary circulation system 39 . Previous studies have reported that coal mining activities and movement of vehicles are the major source of generation of coarser and fine particles; the finer particles stay for a longer time in the environment 11, 20 . The analysis showed that majority of alveolic mass particles fall under inhalable particles mass concentration. Earlier studies also reported similar findings 20, 40 . Table 5 presents ratio of thoracic/inhalable, alveolic/ thoracic and alveolic/inhalable. Ratio of thoracic/ inhalable was found to be in the range 63-83% while alveolic/inhalable in the range of less than 52% at all locations. Alveolic/thoracic ratio was also found to be more than 50% except BMO and ISM. This may be due to presence of coal fire, mining activities and road transportation (heavy vehicles). Similar findings have been reported earlier also 8, 40 ,41 . Figure 5 shows particle mass concentration analysis on the basis of size (0.225-34.0 m) at all locations. Contribution of particle size in the 0.615-1.450 m range was found less in both types of area. Contribution of particles of size 0.375 m and 2.750 m was observed to be significant in mining areas; these fall in range of alveolic particles. Contribution of particle size 5.750 m was observed to be maximum at all locations; these fall in range of thoracic particles. Contribution of particle size 22.500 m was observed to be significant at all locations in both regions; these fall in range of inhalable particles. Contribution of particles of size 0.375 m were almost two to three times higher than at ISM (non-mining area) at all locations. Due to heavy traffic movement and coal mining activities finer and coarse particles are generated in enormous amounts, the finer particles stays for a longer time in the environment 11 . Larger particles showed 42, 43 . The present study was conducted to analyse the variation of occupational PM (inhalable, thoracic and alveolic) along the roadsides of mining area (JCF), and non-mining area (Dhanbad city). Concentration of inhalable, thoracic and alveolic particles at BMO, GDR and KMO was respectively, 2.5, 2.3, and 2.2 times higher than at ISM (non-mining area). The distribution curves of inhalable particles were positively skewed and platykurtic in nature. In the case of thoracic and alveoli particles they were positively skewed except at BMO, where it was negatively skewed, and also platykurtic in nature, except at GDR, where it was leptokuortic in nature. Variations in particle concentration were also correlated with TVC and found to be good, except at GDR. The inhalable, thoracic, and alveolic particle concentration was higher at BMO, GDR and KMO, with better coefficient of fitness due to high traffic and mining activities.
Contribution of each type of particle at each location was also studied. Contribution of thoracic particle mass concentration out of inhalable was between 63% and 83% at all locations. Contribution of alveolic out of thoracic particles mass concentration was more than 50% at all locations, except at ISM and BMO. Contribution of alveolic out of inhalable was less than 52%, mainly at KUS, KMO, BCO and DHR. The dominant composition of PM alveoli particle was observed in the 32-52% range at all locations except non-mining area; while PM thoracic-alveolic particle was in the 26-35% range at all locations. Thus we can conclude that thoracic and inhalable particle concentration is higher at all locations in comparison to ISM, except some locations such as MCP and KUS. Alveolic particle concentration was higher at all locations in the mining area in comparison to ISM. The present study also showed that residents and local passengers are exposed to a higher concentration of occupational inhalable, thoracic and alveolic particles along the roadside mainly at BMO, GDR and KMO in the mining area.
